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INTRODUCTION: 
 

Each year, trauma is responsible for 37 million emergency department visits and 2.6 
million hospitalizations. Hemorrhage accounts for 30 to 40% of all trauma deaths and is the most 
common cause of preventable death after injury. Fluid resuscitation remains a critical element of 
the early treatment of trauma patients, but the optimal fluid strategy remains highly debated.   
 Since the early 1980’s, generations of physicians and emergency personnel have been 
trained according to Advanced Trauma Life Support (ATLS) principles.  The ATLS course 
advocates utilization of isotonic electrolyte solutions such as Lactated Ringer’s (LR) or normal 
saline (NS).  These guidelines promote an initial fluid bolus of 1 to 2 liters of isotonic 
crystalloids should be given, and then further diagnostic and therapeutic decisions are based on 
the observed response to the initial fluid challenge.  
 The current protocol in the United States military as recommended by the Committee on 
Tactical Combat Casualty Care is to utilize a palpable radial pulse and normal mentation as 
primary endpoints to either start or stop fluid resuscitation. If a warfighter suffers a significant 
injury with or without blood loss and maintains a normal mental status and a palpable radial 
pulse, medics are instructed to obtain IV access and withhold fluid, re-evaluating the casualty as 
often as the situation allows.  However, if the casualty experiences significant blood loss and 
either diminished mental status or a loss of a palpable radial pulse, then care providers are 
educated to utilize hemorrhage control techniques, and initiate a 500 ml bolus of Hextend (one 
bag) until a palpable radial pulse returns or mental status improves. The maximum dose of 
Hextend that is currently recommended for field resuscitation is one liter. 
 The Eastern Association for the Surgery of Trauma (EAST) has developed guidelines for 
the initial resuscitation of trauma patients based on a structured evidence-based review of the 
literature.  This group concluded that, similar to military protocol, in patients with penetrating 
injury and short transport times, fluids should be withheld for patients with a palpable radial 
pulse or normal mental status until they reach definitive care. If fluid is given, the consensus 
group noted that there was insufficient evidence to recommend one type of fluid over another.  
However, the authors noted that small volume (250 ml) boluses of hypertonic solutions seemed 
equivalent to larger boluses of crystalloid (1000 ml) with respect to hemodynamic response and 
volume expansion.  
 Given that the ideal fluid for initial resuscitation has not been elucidated and there is an 
observed discrepancy in current guidelines, the objective of the current study was to determine 
the efficacy of an initial bolus of resuscitative fluids currently utilized in the military and civilian 
settings on the physiologic response to uncontrolled hemorrhagic shock in a swine Grade V liver 
injury model.  Based on prior animal studies within our laboratory, we hypothesized that bolus 
resuscitation with NS would result in inferior hemodynamic and physiologic outcomes compared 
to other commonly used resuscitation fluids.  
  



BODY:   
Materials and Methods 

 
Specific Aim 6 Materials – Advanced Resuscitation Strategies (Starting Analysis) 
 The model was developed at the Oregon Health & Science University (OHSU), and 
approved by the Institutional Animal Care and Use Committee.  
 Female Yorkshire Crossbred swine underwent the following polytrauma protocol to 
assess the efficacy of Tranexamic acid (TXA). This drug is commonly prescribed for control of 
excess bleeding. To date only a single trial in trauma (CRASH-2) has been conducted.  This 
study does not answer the mechanistic questions in relation to controlling hemorrhage.  We were 
hoping to identify that with this project.  
 
Specific Aim 6 Methods – Efficacy of Tranexamic Acid in a Model of Polytrauma  
 Nineteen swine (12 study, 6 model development, 1 death) were utilized for this 
experiment. Animals were delivered 7 to 10 days prior to the experiment in order to minimize 
the stress of transport and subsequent potential changes in sympathetic output or inflammatory 
mediators. Animals were fasted for 16 hours the day before surgery. Water was available ad 
libitum. A single vendor was used to eliminate potential differences in animal strain. 
 
Anesthesia 

On the day of the experiment animals were given an induction agent consisting of 8 
mg/kg Telazol® (tiletamine hydrochloride 50 mg/ml, zolazepam hydrochloride 50 mg/ml, Fort 
Dodge Animal Health, Fort Dodge, Iowa) given intramuscularly. Animals were placed in the 
supine position. Orotracheal intubation was performed and a 7.5mm internal diameter cuffed 
endotracheal tube was placed. The endotracheal tube was connected to the anesthesia machine 
with 1-3% isoflurane for anesthetic maintenance in 50% oxygen. Tidal volume was fixed at 10 
ml/kg with a rate of 10 breaths per minute.  An esophageal stethoscope, gastric tube and 
thermometer were inserted.  An EKG monitor was secured and continuous monitoring started. 
Throughout the study, anesthesia was maintained to the clinical endpoints of reflexes and muscle 
relaxation as is done in humans. 

 
Monitoring, access and pre-experiment procedures 

After swine were anesthetized a left cervical cutdown was performed and polyethylene 
catheters were inserted respectively into the left common carotid and left external jugular vein.  
The arterial line was utilized for the controlled hemorrhage and blood sampling throughout the 
experiment while the venous line was used for administration of bolus resuscitation fluids and 
TXA.  Finally, a proximal femoral cutdown was performed and the artery was cannulated for 
continuous blood pressure monitoring. Mean arterial pressure (MAP) was continuously recorded 
and averaged every 10 seconds with a blood pressure analyzer and digital data collection system 
(DigiMed, Louisville, KY).  Baseline labs were collected and included electrolytes, lactate, spun 
hematocrit (Hct), activated clotting time (ACT), platelets (Plt), prothrombin time (PT), partial 
thromboplastin time (PTT), and arterial blood gas (ABG) and additional coagulation factors.  In 
addition, a baseline thrombelastogram (TEG, Haemoscope Corporation, Niles, IL) was 
performed.  A celiotomy was then performed, at which time a suprapubic bladder catheter was 
placed to monitor urine output. 
 



Injury Phase  
 After needle localization, a captive bolt gun was used to fracture the femur and create a 
soft tissue injury at the midshaft of the left femur. A controlled hemorrhage was then initiated to 
remove 50% of the blood volume based on a published, standard equation relating blood volume 
to body weight for domestic swine.  During hemorrhage if the mean arterial blood pressure 
(MAP) fell below 25mm/Hg, normal saline (NS) was infused at a rate of 165 ml/min to keep the 
MAP>25 mm/Hg.  The animal was also cooled to 33 +/-0.4oC using cooled intraperitoneal 
lavage with crystalloid as needed (most of the animals developed a degree of hypothermia 
spontaneously due to shock and infusion of IV fluids).  These procedures were followed by a 30-
minute shock period, representing time in the field prior to medical intervention. 
 
Prehospital care/transport phase 

After the 30-minute shock period, electrolytes, spun hematocrit, ACT, PT, PTT, platelets, 
ABG, factors and TEG were again recorded.  After coagulation studies and lab collection, the 
hemorrhage volume was replaced with a 3:1 ratio of NS infused at a rate of 165 ml/min, minus 
any given during the controlled hemorrhage.  This reflects current civilian pre-hospital 
resuscitative practices.  At the same time as the replacement fluid infusion, the TXA or the 
control (Normal Saline) drip is initiated at a bolus of 25 cc over 10 minutes.  After the initial 10-
minute bolus, a drip is continued over the next 4 hours and 26 minutes of 13.83 cc. 
 
Operative phase 

Following NS resuscitation, a 15-minute stabilization period was observed; during which 
a baseline MAP was recorded and pre-weighed laparotomy sponges were placed in both 
paracolic gutters and in the pelvis for blood collection.  Labs and coagulation studies were again 
collected, and a previously described grade V liver injury was created at the confluence of the 
right and middle hepatic veins using a specialized clamp.   

Thirty seconds of hemorrhage were then followed by evacuation of blood from the 
abdomen and packing of the liver with a fixed number of additional pre-weighed laparotomy 
sponges.  The liver injury was designed to provide a second stressor after initial injury and also 
to create a standardized injury that had the potential to re-bleed, both of which simulate a 
laparotomy after trauma in a patient with solid organ injury.  Thirty seconds after injury, the liver 
was packed with laparotomy sponges in a standardized fashion.  The animal was also re-warmed 
to 37°C and the abdomen closed with towel clips. These animals received no additional fluid 
replacement after the liver injury. 
 
Follow-up 
 Animals were monitored for 4 hours post injury or to death.  Labs were collected at 1, 2, 
3 and 4 hours. If the MAP fell below 15 mmHg it was denoted as death and the time of death 
was recorded. Animals surviving 4 hours were euthanized with Euthasol. 
 Lung tissue was collected at the end of 4 hours or at declaration of death for rtPCR 
analysis.  Tissue was stored in RNA later and a 10% buffered formalin solution. An autopsy of 
the liver was performed to ensure comparable injuries without portal vein involvement. 
 



 
 
Study Variables 
 Physiologic variables included survival, MAP, blood loss from the controlled 
hemorrhage, and blood loss due to the liver injury.  Laboratory values include Hct, lactate, Plt, 
ABG, and electrolytes.  Coagulation parameters include the PT, PTT, ACT, and Factors II, V, 
VII, VIII, IX, X, XI, XII, Protein C, Protein S 
 
Statistical Analysis 
 Analysis of this project is just beginning.  The study was terminated prior to completion 
due to premature death of all animals prior to the 4-hour time point.  Study variables are still 
being analyzed to see if there are differences in the study animals (TXA) or controls (normal 
saline). 
 

Femur fracture 
Controlled 50% hemorrhage 
Induce hypothermia (33 +/- 0.4°C) 

	
  



 
Specific Aim 8 Materials – Comparison of Current Military Resuscitation Fluids 
 The model was developed at the Oregon Health & Science University (OHSU), and 
approved by the Institutional Animal Care and Use Committee.  
 Female Yorkshire Crossbred swine underwent the following protocol to determine the 
efficacy of an initial bolus of resuscitative fluids currently utilized in military and civilian 
settings on physiologic response to uncontrolled hemorrhagic shock.  It was hypothesized that 
resuscitation with normal saline would result in inferior outcomes compared to other commonly 
used resuscitation fluids. 
 An InSpectra Tissue Spectrometer (Hutchinson Technology, Hutchinson, MN) was 
utilized for the monitoring of tissue oxygen saturation (StO2). Physiological parameters including 
blood pressure, heart rate and mean arterial pressure were monitored using a continuous blood 
pressure monitor (DigiMed, Louisville, KY). 
 
Specific Aim 8 Methods – Initial Resuscitation in Uncontrolled Hemorrhagic Shock 
 This study was designed as a prospective, randomized, blinded trial in a swine model that 
took place in a Level 1 Trauma Center animal laboratory.  The Institutional Animal Care and 
Use Committee at Oregon Health & Science University approved the protocol.  This facility 
adheres to the National Institutes of Health guidelines for the care and use of laboratory animals. 
 Fifty similarly sized Yorkshire-crossbred female swine underwent a 16 hour pre-
operative fast except for water ad libatum.  The swine were pre-anesthetized with an 
intramuscular injection of 8 mg/kg Telazol (Fort Dodge Animal Health, Fort Dodge, IA) and 
then intubated orally with a 7.0 to 7.5 mm endotracheal tube.  Animals were placed on 
mechanical ventilation and constantly monitored by an independent animal technician who 
adjusted the respiratory rate to maintain the pCO2 between 40 to 50 mm Hg.  Anesthesia was 
maintained with 2% isoflurane in 100% oxygen with the animal technician monitoring jaw laxity 
to assess anesthesia adequacy.  An esophageal monitor was placed and euthermia was obtained 
utilizing external warming devices.   
 After swine were anesthetized, additional monitoring devices were placed.  An InSpectra 
Tissue Spectrometer (Hutchinson Technology, Hutchinson, MN) was placed on the left hind 
limb of the swine for continuous monitoring of tissue oxygen saturation (StO2) throughout the 
experiment.  Left cervical cutdowns were performed, and polyethylene catheters were inserted 
respectively into the left common carotid and left external jugular vein.  The arterial line was 
utilized for continuous blood pressure monitoring, and mean arterial pressure (MAP) was 
continuously recorded and averaged every 10 seconds with a blood pressure analyzer and digital 
data collection system (DigiMed, Louisville, KY).  The venous line was used for administration 
of bolus resuscitation fluids.  Finally, a left femoral cutdown was performed, and the left femoral 
artery was cannulated for blood sampling throughout the experiment.   
 After placement of these monitoring devices, a midline celiotomy and suprapubic Foley 
catheterization were performed.  Following a 15-minute stabilization period, residual peritoneal 
fluid was removed from the abdominal cavity.  Pre-weighed laparotomy sponges were placed in 
the left and right pericolic gutters as well as the pelvis to facilitate primary hemorrhage 
collection.  Then, a standardized Grade V liver injury (injury to a central hepatic vein, consistent 
with the AAST scaling and scoring system) was created using a specially designed clamp with 4 
razor sharp edges (Figure 1). This protocol for liver injury has been previously validated in our 



prior studies of uncontrolled hemorrhagic shock. The time of injury was considered the start time 
for the 2 hour experimental time period. 
 Animals were allowed to hemorrhage for 30 minutes during which time the primary 
blood loss was collected with wall suction and by the three previously placed pre-weighed 
laparotomy sponges.  After 30 minutes, the three laparotomy sponges were removed, and the 
liver was then packed with six pre-weighed laparotomy sponges in a manner consistent with a 
damage control operation in order to collect secondary blood loss.  The abdomen was then 
temporarily closed with penetrating towel clamps. 
 Animals were randomized to 4 different groups for bolus fluid resuscitation, which was 
initiated 30 minutes after injury.  The fluids administered included fluids and associated volumes 
currently utilized for bolus resuscitation in both civilian and military practice as follows: 2 liters 
of NS, 2 liters of LR, 500 ml of Hextend (HEX), and 250 ml of 7.5% hypertonic saline with 3% 
Dextran (HTS).  A no fluid (NF) arm acted as a control group.  Ten animals were randomized to 
each respective fluid/control group.  Surgical staff was blinded to fluid resuscitation, as all fluids 
were administered over a 12-minute time period from a sterile opaque container which was 
previously filled by an independent technician who controlled fluid rate ml/min to achieve 
resuscitation in the 12 minute allotted time period regardless of fluid type.  Surgical staff was 
only aware of the control/no fluid group randomization after creation of the standardized injury 
and temporary closure of the abdominal cavity.   
 The animals that did not die from exsanguination during the course of the experiment 
were sacrificed at the completion of the 2-hour study with a euthanasia solution.  Then, the six 
pre-weighed laparotomy sponges placed prior to abdominal closure were removed and weighed 
to determine secondary blood loss.  Lung tissue was collected at the end of 2 hours or at 
declaration of death for rtPCR analysis.  Tissue was stored in RNA later and a 10% buffered 
formalin solution. An autopsy of the liver was performed to ensure comparable injuries without 
portal vein involvement. 
 
Study Variables 
 Physiologic variables included survival, MAP, StO2, blood loss from the uncontrolled 
hemorrhage, and blood loss post liver injury.  Laboratory values include Hct, lactate, ABG, 
chemistry panel, and complete blood count (CBC).  Coagulation parameters include the PT, 
PTT, ACT, and Factors II, V, VII, VIII, IX, X, XI, XII, Protein C, Protein S. Serum was 
collected for analysis of inflammatory cytokines at time points baseline, one-hour and end of 
study. 
 
Statistical Analysis 
 Analysis of variance (ANOVA) was used to compare values within a group utilizing 
statistical package software SPSS, version 18.0 (SPSS Inc., Chicago, IL).  Student’s t test was 
used to compare means for parametric, normally distributed data as mean ± SEM, while the 
Mann-Whitney test was used to compare non-normally distributed data as median with IQR.  
Comparisons within groups utilized a paired t test for normally distributed data, and non-
parametric data was assessed using the Kruskal-Wallis test.  Statistical significance was defined 
as a p value < 0.05. 
 
 
 



Results 
Physiologic and Laboratory Analysis 
 Ten animals were randomized to each group.  The baseline weight of swine in all groups 
was similar (Table 1).  Two animals in the NF group did not survive to study completion; 
however, their data is included in the analysis up until the time of their deaths.  There was no 
statistically significant difference in survival between groups, p = 0.50.  All animals had similar 
Grade V liver injuries without portal vein injury as determined by autopsy.  Primary blood loss 
before resuscitation was similar for all groups (Table 1). 
 Secondary blood loss after resuscitation is presented in Table 1.  The secondary blood 
loss in the NF group was significantly lower than all other groups, p < 0.01.  Though the NS and 
LR groups had similar secondary blood losses, which were higher than both the HEX and HTS 
groups, none of these groups were statistically different from one another.  
 Laboratory values for hematocrit (Hct) are presented in Table 2.  At both the 1 and 2-
hour time points, the NF group had significantly higher Hcts compared to the other groups, p < 
0.01.  The LR group had a significantly higher Hct compared to the NS, HEX, and HTS groups 
at 1 hour and compared to the HEX and HTS groups at 2 hours, all p < 0.03.  Additionally, the 
NS group had a significantly higher Hct compared to the HEX group at 2 hours, p < 0.02.   
 Continuous MAP data for all groups is presented in Figure 2.  All animals experienced a 
significant initial drop in MAP during the uncontrolled hemorrhage period, followed by a period 
of spontaneous blood pressure elevation.  At 30 minutes, bolus fluid resuscitation resulted in a 
significant increase in MAP, after which, the MAP decreased over the rest of the study period.  
The observed increase in MAP in the NF group at 70 and 75 minutes was secondary to the death 
of animals in this group at these two time points. 
 MAP data at baseline, 1 hour, and 2 hours are presented in Table 3.  At 1 hour, both the 
NS group and the NF group had a significantly lower MAP compared to the LR, HEX, and HTS 
groups, all p < 0.05.  At 2 hours, the MAP in the NS group was significantly lower than the LR, 
HEX, and HTS groups, all p < 0.04.  The MAP did not differ between the LR, HEX, and HTS 
groups at 1 or 2 hours.  The MAP in the NF group was not different from the other groups at 2 
hours.   
 Continuous StO2 data for all groups is presented in Figure 3, with a similar curve as 
previously noted with MAP.  StO2 data at baseline, 1 hour, and 2 hours is presented in Table 3.  
At 1 hour, the NF group had a significantly lower StO2 compared to the other groups, p < 0.04.  
At 2 hours, the StO2 in the NF group was lower than the LR, HEX, and HTS groups, all p < 0.04.  
Also at 2 hours, the StO2 in the NS group was lower than the HTS group, p = 0.02.  There was 
no difference between the NF and NS groups at 2 hours.  StO2 did not differ between the LR, 
HEX, and HTS groups at 1 hour or 2 hours. 
 Laboratory values for pH are presented in Table 4.  Swine are alkalotic at baseline, which 
has been observed in prior experiments. At 1 hour, there was no difference between groups.  At 2 
hours, the NS group had a significantly lower pH compared to the LR, HEX, and NF groups, all 
p < 0.02.  Also at 2 hours, the HTS group had a significantly lower pH compared to the LR and 
HEX groups, all p < 0.05. 
 Laboratory values for base excess are shown in Figure 4.  The NS group had a 
significantly lower base excess compared to the LR group at 1 hour and 2 hours, the HEX group 
at all time points, and the NF group at 2 hours, all p < 0.03.  The HTS group had lower base 
excess than the HEX group at 1 hour and the LR, HEX, and NF groups at 2 hours, all p < 0.01.  



The LR group had a significantly lower base excess compared to HEX at all time points, all p < 
0.03.   
 Lactate values are also shown in Table 4.  All groups demonstrated a significant increase 
in lactate from baseline to 1 hour, all p < 0.01.  At 2 hours, there was a significant decrease in 
lactate levels from the 1 hour time point in the LR, HEX, HTS, and NF groups, all p < 0.04.  
However, there was no significant decrease from 1 hour to 2 hours in the NS group, p = 0.14.  
There were no significant differences between fluid groups at any time point. 
 
Coagulation and Inflammatory Markers 
 Analysis of both the coagulation parameters and inflammatory markers are currently 
ongoing.   
 
 
 
KEY	
  RESEARCH	
  ACCOMPLISHMENTS	
  –	
  Specific	
  Aim	
  8	
  
	
  

1. Baseline characteristics similar 
2. Animals receiving NF had less secondary blood loss 
3. 1 hour post injury MAP for LR, HEX and HTS is significantly better than NS or NF 
4. 2 hour post injury MAP only NS was significantly lower / worse than all other fluids 
5. HEX provides more consistent StO2 compared to other fluids 
6. In clinically utilized bolus volumes, HEX, HTS and LR are similar in all study with 

respect to all study parameters 
7. 250 ml bolus of HTS provides equivalent resuscitation to the larger dosing regimens 

but results in a more relatively hypocoagulable state 
8. NF provides a similar outcome to NS with a less acidotic state and decreased 

secondary blood loss.  This makes one question if NS should be utilized as an initial 
fluid resuscitation. 

	
  
REPORTABLE OUTCOMES 
 
 Specific Aim 6  
  Once this data is completely analyzed appropriate findings will be sent as initial 

abstracts to National meetings for presentation with manuscripts following. 
 
 Specific Aim 8  

 This data was presented at the Region X Committee on Trauma Competition.  
This data was awarded first prize at the Oregon chapter of Society of Critical Care 
Medicine.  A presentation was given at this meeting in Vancouver, WA. In addition, an 
abstract was submitted and accepted to the 2011 annual meeting of Pacific Coast Surgical 
Association in Scottsdale, AZ.  It was also selected to compete for the Resident 
competition award at that meeting.  A manuscript has been generated and submitted for 
this competition to Archives of Surgery. 
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Figure 1.  Creation of a standardized Grade V liver injury in the central portion of the liver with a 

specialized clamp that has 4 sharpened edges. 

 
 

 

  



Figure 2.  Continuous Mean Arterial Pressure (MAP).   

Data presented are the average MAP for each group at each specific time point.  Grade 

V liver injury was created at time point 0.  Bolus fluid administration began at time 

point 30 min.   
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Figure 3.  Continuous tissue oxygen saturation (StO2).   

Data presented are the average StO2 for each group at each specific time point.  Grade 

V liver injury was created at time point 0.  Bolus fluid administration began at time 

point 30 min.   
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Figure 4.  Base excess data.  Values presented as mean ± SEM. * indicates significantly lower 

than HEX.  Ŧ indicates significantly lower than HEX and LR.  § indicates significantly 

lower than HEX, LR, and NF.  For all significant comparisons, p < 0.05.  
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Table 1.  Baseline weight, primary blood loss, survival, and secondary blood loss data.   

 Weight and primary blood loss presented as mean ± SEM.  No significant differences in 

weight, primary blood loss, or survival.  Secondary blood loss presented as median with 

IQR.  a indicates significantly less than NS, LR, HEX, and HTS, p < 0.01.   

	
  
	
  

	
  
 

  

Fluid Weight Primary blood loss Survival Secondary blood loss 

NS 35.1 ± 0.6 1063.9 ± 103.9 10 138.5 (83.1, 169.6) 

LR 34.5 ± 0.4 794.6 ± 82.3 10 127.5 (118.5, 134.5) 

HEX 35.0 ± 0.6 870.5 ± 103.3 10 92.0 (77.4, 190.5) 

HTS 35.9 ± 1.0 981.4 ± 126.5 10 99.1 (82.6, 145) 

NF 34.2 ± 0.4 956.2 ± 139.9 8 62.3 (37.3, 80.1)a 



Table 2.  Hematocrit (Hct) data.   

Values presented as mean ± SEM.  a indicates significantly greater than NS, LR, HEX, 

and HTS.  b indicates significantly greater than NS, HEX, and HTS.  c indicates 

significantly greater than HEX and HTS.  d indicates significantly greater than HEX.  

For all significant comparisons, p < 0.03.   

	
  
	
  
	
  
 

 

 

 

 

 

 

 

 

 

  

  Hct  
Fluid Base 1 HR 2 HR 
NS 30.1 ± 0.7 20.0 ± 1.0 23.8 ± 0.8d 

LR 29.8 ± 0.6 23.4 ± 0.8b 26.7 ± 1.2c 

HEX 28.9 ± 0.7 20.6 ± 0.7 21.1 ± 0.7 

HTS 30.0 ± 0.7 20.9 ± 0.5 23.3 ± 0.8 

NF 29.5 ± 0.8 32.0  ± 0.9a 32.6 ± 1.0a 



Table 3.  MAP and StO2 data at baseline, 1 hour, and 2 hours.   

Values presented as mean ± SEM.  a indicates significantly less than LR, HEX, and 

HTS.  b indicates significantly less than NS, LR, HEX, and HTS.  c indicates 

significantly less than HTS.  For all significant comparisons, p < 0.05.     

	
  
  MAP   StO2  
Fluid Base 1 HR 2 HR Base 1 HR 2 HR 

NS 68.5 ± 4.4 50.1± 2.9a 43.3 ± 2.7a 76.3 ± 2.7 76.8 ± 3.7 69.7 ± 2.5 c 

LR 73.2 ± 4.5 63.3 ± 4.4 54.5 ± 3.4 75.8 ± 2.1 83.7 ± 2.1 74.5 ± 2.1 

HEX 70.7 ± 4.1 62.8 ± 2.1 54.6 ± 2.5 72.4 ± 1.6 78.5 ± 3.2 77.8 ± 3.4 

HTS 69.0 ± 2.9 60.0 ± 3.0 51.1 ± 2.2 73.6 ± 1.7 79.9 ± 1.0 77.1 ± 1.6 

NF 71.4 ± 3.3 47.5 ± 4.8a 46.6 ± 5.3 69.7 ± 3.6 59.6 ± 5.6b 67.3 ± 3.2a 

	
  
  



Table 4.  pH and lactate data at baseline, 1 hour, and 2 hours.   

Values presented as median with IQR.  a indicates significantly less than LR, HEX, and 

NF.  b indicates significantly less than LR and HEX.  * indicates a significant increase 

in lactate from baseline to 1 hour in each respective group.  Ŧ indicates a significant 

decrease in lactate from 1 hour to 2 hours in each respective group.  There were no 

significant differences in lactate between groups.  For all significant comparisons, p < 

0.05.   

	
  

 

 

 

 

 

  pH   Lactate  
Fluid Base 1 HR 2 HR Base 1 HR 2 HR 
NS 7.54 (7.48, 7.59) 7.43 (7.36, 7.49) 7.43 (7.35, 7.51) a 1.9 (1.4, 2.3)  3.2 (2.5, 6.6)*  2.3 (1.8, 5.9)  

LR 7.54 (7.51, 7.58) 7.47 (7.42, 7.53) 7.54 (7.49, 7.57) 1.8 (1.6, 2.4)  4.7 (3.3, 6.3)*  3.3 (2.1, 3.8)Ŧ  

HEX 7.56 (7.53, 7.58) 7.51 (7.42, 7.56) 7.57 (7.50, 7.60) 1.4 (1.1, 2.2)  3.6 (2.7, 4.9)* 2.3 (2.0, 2.9)Ŧ  

HTS 7.53 (7.46, 7.59) 7.44 (7.36, 7.48) 7.48 (7.37, 7.53) b 2.0 (1.5, 2.6)  3.6 (2.7, 4.9)*  2.8 (2.0, 3.9)Ŧ  

NF 7.56 (7.50, 7.58) 7.49 (7.42, 7.53) 7.52 (7.50, 7.54) 2.2 (1.7, 2.5)  3.4 (2.7, 7.1)* 2.6 (2.4, 3.5)Ŧ  


